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Abstract 
An explosion fire occurred in a factory plant which three people are killed. A preliminary site survey concluded that a certain 
concentration of n-Heptane ignited by electrical work and then deflagration happened. To verify the survey conclusions the numerical 
reconstruction method is used, and the evaporation and distribution of n-Heptane in plant is calculated. The simulation results show that 
the concentration of n-Heptane is in the range of explosive limit which instructs the numerical reconstruction can give a technical support 
for disaster investigation. 
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Nomenclature 
U           Density 
t             Time 
u            Velocity vector 
lK          Diffusion coefficient 
lY           Concentration of species packet 
iS           Additional rate brought by source term 
p           Pressure 
g           Gravitational acceleration 
f           External force τ           Viscous force tensor 
T          Temperature 
r
q
        Heat flux 
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1. Introduction 
In recent years, with the development of computer technology, numerical simulation is used to reproduce the disaster site 
and disaster investigation. Disasters digital reconstruction techniques can reproduce the evolution of the disaster, and also 
can verify the preliminary assumptions which increase the credibility of the investigation results. As for complex field 
conditions, digital reconstruction technique can provide strong technical support for disaster reason finding [1-2]. 
As the accident investigation of 9 • 11 major disasters for example, Ronald G. Rehm and William M. Pitts use FDS 
software to simulate 9 • 11 major disasters [3]. On the established model of the north tower and south tower, one is 415 m 
height and the other is 417 m height. With the 5 m/s wind and temperature varying with height the boundary conditions was 
set, and the combustion characteristics and thermal properties of steel and burner was established. Then the simulation result 
was very close to the actual situation. The prediction of temperature and gas concentration provides an important basis for 
steel structure analysis of the building. Figure 1 shows the comparison of actual situation and simulation results. 
          
Fig. 1. The smoke flow comparison of actual situation and simulation results 
2. Disaster case 
A deflagration accident happens in a factory in south China which brings about three people killed and six wounded. 
After the accident, the investigation experts done reconnaissance and survey of the deflagration plant site investigation and 
inquiry, which initially determined that the reason for the accident is the using of glue-103A, from which the volatile 
flammable gas n-heptane, glue-103A produced in a poorly ventilated factory explosion reached n-heptane limit 
concentration in the deflagration occurred spark. 
2.1.  Technical route  
N-heptane is flammable and explosive gas, therefore, this paper verified through simulation of the plant is likely to reach 
a gas explosion limit. The technical route of accident numerical reconstruction is shown as Figure 3. 
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Fig. 2. Disasters digital reconstruction 
2.2. Volatile experiment 
In order to obtain the accurate data on the volatile characteristics of glue-103A, the samples were extracted from the plant. 
Glue-103A was stored on the glass in two different ventilation condition, and their quality changes were measured by 
electronic scales as shown in Table 1, from this table it is obvious that the volatile speed of ventilation is five times that of 
NO-ventilation. 
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3. Simulated Models  
3.1.  Mathematics model 
Due to poor ventilation indoor, less volatile and constant temperature, so the mass, momentum and energy 
conservation equations, as well as components transport equation are specified. The components transport equation is 
established as the mixture of air and n-Heptane, and the diffusion coefficient is defined [4-5]. 
Mass conservation equation: 
mSt
U Uw x  w u                                                                                                          ˄1˅ 
610   Zhe Zhao and Dong Liang /  Procedia Engineering  135 ( 2016 )  607 – 612 
In the formula, U  is the density; t  is time; u  is the velocity vector. 
Component transport equation: 
                                             ( )l l l l l iY Y K Y m St
U U Uw x  x   w u                                                              ˄2˅ 
Wherein, lK  is the diffusion coefficient; lm  is the rate of mass per unit of spatial components; lY  is the concentration 
of species packet; iS  is additional rate brought by source term. 
Momentum equation: 
( ( ) ) p
t
U Uw  x    xw
u
u u g f τ                                                                   ˄3˅ 
Wherein, p  is the pressure; g  is the gravitational acceleration; f  is the external force; τ  is the viscous force tensor. 
Energy equation: 
( )
r l l l
l
Dph h k T h K Y
t Dt
U U Uw x  x x   x w ¦u q                                     ˄4˅ 
T  is the temperature˗ rq  is the heat flux˗ h  is the enthalpy; no heat source whthin the volume. 

3.2. Physical model 
  The dimensions of the plant are 32m × 19m × 4.5m, and two 2 m width doors located on one length side. When the 
accident occurred, there were eight consoles which industrial processes of glue-103A were ongoing, and the height is 1.1 m. 
Set n-Heptane diffusion from the glue-103A in the plant as the research object, and the three-dimensional concentration 
field was simulated. Mesh size is 0.1m, and comply with requirements that the minimum grid volume is greater than 0. 
 
Fig.3. Physical model of factory                                     Fig.4. Monitor plane in the calculation model 
Two monitoring planes named Plane 1 and Plane 2 are set in the calculation, from which the change of mole fraction, gas 
density and mass fraction parameters can be got. Plane 1 is in the middle of the longitudinal direction and Plane 2 is in the 
middle of the width direction. 
3.3. Boundary condition 
Two gate sides of the factory are the pressure boundary conditions [6]. The 8 consoles is the source term, and the release 
rate of n-Heptane is set as the initial speed of source which is 5×E-6 m/s.  
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3.4.  parameter set 
It is reported that ventilation conditions of the plant are bad, and the evaporation rate of glue-103A is very slow, and 
Reynolds number is small. So the model of laminar flow under gravity environment is used, and the component transport 
equations of n-Heptane gas and air are set. 
4. simulation result 
˄1˅fraction profile of n- Heptane 
 
Fig.5. Mass fraction of n-Heptane in Plane 1  Fig.6. Mass fraction of n-Heptane in Plane 2 
  
Fig.7. Mole fraction of n-Heptane in Plane 1 Fig.8. Mole fraction of n-Heptane in Plane 2  
 
N-heptane in the height direction distribution presents a high concentration of a lower portion, the upper portion of the 
case almost no. Take mass fraction for example, in the lower part the mass fraction has reached 30%. 
˄2˅Density profile of n-Heptane 
 
Fig.9. Density of n-Heptane in Plane 1 Fig.11. Density of n-Heptane in Plane 2  
 
The density of the vertical plane shows the lower is greater and the upper is small. Environment rendering plant density 
on the lower ladder of high distribution, density lower area reached 1.52kg / m3. The air at this temperature and pressure has 
a density of 1.24 kg /m3. 
 
˄3˅Vertical distribution of mass fraction 
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Fig.12. Vertical distribution of mass fraction of n-Heptane in Plane 1 Fig.13. Vertical distribution of mass fraction of n-Heptane in Plane 2 
 
From the above figure 12 and figure 13 shown, the distribution of n-Heptane is mainly in the area of less than 2.5m 
height, while n-Heptane evaporate at a height of 1.1m platform. As n-Heptane is heavy gas so the mass fraction increases 
with the height becomes lower, and at the bottom surface the mass fraction is more than 20%.  
From the accident survey that the burned part of the injured presents the severe in lower and mild in upper, so the 
simulation results fit this phenomenon that the combustible heavy gas mainly gather in the lower part. 
5.  Conclusion 
The explosion limit of n-heptane is 1.1 to 6.7%. According to the vertical density distribution of the simulation result, the 
volume fraction of n-heptane in the factory is from 0.0 to 9.3%, so once there is ignition source in the factory the 
deflagration accident will happen. 
Computer numerical reconstruction techniques are applied in disaster investigation which can recognize responsibility 
for the accident, and speed up the investigation progress. 
ķ reproduce the whole process of accident development to understand casualty; 
ĸ test hypotheses which can draw cause of the accident; 
Ĺ disaster protection measures proposed and verified by simulation. 
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